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Multiple-Output Illmninator using Parabolic/Elliptical Reflector Lamps 



Introduction 

Dual paraboloid reflector has been used for coupling of light onto a very small etendue 
target with high efiSciency. The applications include smaller imagers in projection 
displays, and single or multiple fiber optics. For fiber optic illmninations for the neon 
replacement market, the output will be directed to a side-lit fibers, it is important that the 
angle of illumination be small so that the intensity profile along the length of the fiber be 
as uniform as possible. The fiber is usually illuminated from both ends such that the 
intensity will be even more unifomi along its length. One way to implement such a 
system is to employ 2 illuminators, one at each end of the fiber. A more practical 
^proach is to use 2-output illuminators such that the fibers can be illuminated in a daisy 
chained fashion. Many of the illuminators that provide the 2 outputs are done by 
bundling 2 fibers into the same output port of the iUiiminator. This tends to be inefficient 
due to the loss in packing the 2 fibers together. Another scheme is shown by the EFO 
system used in Fiberstars illuminators in which the light output fi-om the lamp is coupled 
to 2 fibers using 2 separate reflector system. Although the loss of the system is smaller 
compared to bundling of the fibers, this system does not allow efficient coupling of light 
into small targets. The invention described by US Patent # 6,227,682 shows a dual 
paraboloid reflector system that can couple light efficiently into a small target, but does 
not produce 2 outputs. 

Therefore, there exists a need for a system to couple light efficiently firom a lamp into 2 
fiber optic outputs, or more outputs in general, with small etendues so that longer fibers 
can be illuminators with more uniform intensities. 

Description of the Invention 

Figure 1 shows the configuration of a 2-output illumination system where two outputs are 
provided with a single lamp. It consists of a lamp inside a parabolic reflector, which 
collimates the light into a parallel beam. The circular output beam is separated into two 
beams using the mirror 1 and mirror 2 in opposite directions. Considering the output 
beam reflected by mirror 1, parabolic reflector 1, which is half of a parabolic reflector, is 
positioned such tiiat it collects the beam firom mirror 1 and focus that onto the input of the 
Ught pipe 1. The orientation of the parabolic reflector 1 is positioned as shown such that 
the arc is imaged onto the input of the light pipe with a unity magnification. Similarly, 
paraboUc reflector 2 is placed to collect the output firom mirror 2, and focus the Ught onto 
the input of the ligiht pipe 2. 

The parabolic reflectors 1 and 2 have shapes that are substantially the same as the main 
parabolic reflector. For generality, the main parabolic reflector can be slightly elliptical 
and the parabolic reflectors 1 and 2 will be hyperboUc matching to the elliptical reflector 
to give the best coupling efficiency and substantially unit magnification* The same can 
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be done by using a sHghtly hypeibolic main reflector and matching elUptical reflectors 1 
and 2. 

Although Uiis configuration shows the configuration with two outputs, the same principle 
ran be apphed to more outputs. For example, for a 3-ou^ut illuminator, the output beam 
firom the parabohc reflector is divided into three 12(Megree segments such that 3 mirrors 
are used to divide the beam and refocus onto 3 light pipes using 3 120^degree parabolic 
reflectors. The numerical ^ertures (NA) of the 3 parabohc reflectors and the light pipes 
are designed with the proper match to the NA's. By the same token, a 4-output 
illummator can be made by dividing the output of the main reflector into 4 parts and 
coupled to the output fight pipes using 4 mirrors and 4 parabolic reflectors. This can be 
generahzed to produce an N-output illuminator with N outputs. 

Figure 2 shows another embodiment of a 2-output illuminator using elliptical reflectors 
SimiJarto the case m Figure 1. it consists of spUtting the output focused beam of the 
elhpticd reflector mto two portions, reflected to opposite directions, and refocused to the 
mput of the hght pipes usmg 2 eUiptical reflectors. 

In one embodiment, the sizes and shape of flie elUptical reflectors are all similar In 
another embodiment, the sizes of the elliptical reflectors can be diflferent but with 
substantiaUy the same ellipticity. Yet. in another embodiment, the main reflector and the 
other reflectors can have different elliptidties such that the resultant images of ttie arc at 
the mputs of ttie li^t pipes are substantially unity. 

J 

Simihir to the case of Figure 1. N-output illuminator with N outputs can be made using N 
mirrors, Nelhptical reflectors, and N light pipes. 

Figure 3 shows another embodiment using paraboUc reflectors such that the output 
dffection arc different fiom that of Figure 1 using mirror system 1 and 2. 

Kgure 4 shows another embodiment using elliptical reflectors such that the output 
dnection are different fix>m that of Figure 2 using extra minors as shown. 

Ill general, otiier configurations can be built using tiie basic parabolic and elliptical 
reflectors m combination with plane mirrors or prisms for redirecting tiie beams of hght. 

The reflectors can be coated with coat coating or colored coating for specific 
sqiphcations. 

Lamps used include xenon, metal haUde, high-pressure mercury, halogen, eto. 

The flat mirrors can be silver coated, multi-layer dielectric coated witii wavelength 
selectivity, ^uminum coated, ete. The fiinction of these mirrors can also be implemented 
by the use of pnsms. e.g. a right-angle prism. 
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The light pipes can be made of plastic, glass, quartz, etc. The output surface can be flat 
or convex. 
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Figure 2 
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Figure 3 
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Figure 4 
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